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Process for the recovery of metals from their ores. 

(§) A process for the recovery of metals from host materials, 
vt^here the metal is present in the form of a compound which is 
more absorbent to microwaves than the rest of the host mat- 
erial. Microwave energy Is used to selectively heat the metal 
compounds, such as sulfidic and oxidic compounds, in the 
ore, as respects the gangue, under conditions in which the 
compounds are converted into other compounds, such as 
oxides and chloride, from which the metal is more readily 
recoverable. Copper molybdenum and rhenium ores can be 
treated in this way. 
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PROCESS FOR THE RECOVERY OF METALS FROM THEIR ORES 

The present invention relates to a process for the 
recovery of a metal from a host material. 

Recovery of metals from low-grade ore deposits can be 
very expensive due to the large amounts of rock which must 
be mined transported and treated. Conventional recovery 
processes may not be economically viable in these cases. 
For example an established method of recovering metal 
values from such low grade deposits has involved mining the 
deposits and then grinding the ore to a fine size to permit 
floating the liberated minerals. The grinding also pro- 
duces some very fine particles of the ore which are too 
fine to be recoverable by flotation. This is particularly 
true in the case of very soft ores such as molybdenite. 

Certain ores, such as oxides or silicates of copper 
are not amenable to flotation, and so the ore is often 
leached with acids to recover the copper. However, such 
acid leaching is not effective in recovering highly in- 
soluble copper sulfide which may also be present and is in 
general susceptible to only a very poor recovery of the 
copper. The concentrates obtained from flotation steps 
may require further treatment for example by smelting or 
roasting to obtain the metal values and these are problems 
associated with these treatments. 

For example molybdenite once recovered is converted to 
molybdenum oxide by roasting it in the presence of oxygen 
which may be supplied by air. In the course of the roast- 
ing a great deal of heat is generated because of the 
exothermic reactions producing molybdenum trioxide and 
sulfur. dioxide. Additional or excess air over that 
required for oxidation is frequently used during the 
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roasting to cool the burning mass to prevent it from becom- 



ing so that that it fuses, or that the molybdenum oxide 
volatilizes. 

During the roasting of molybdenite, rhenium which may 
be present with the molybdenum is oxidized and at the tem- 
perature of roasting becomes volatile. Given the large 
volumes of gases emitted by burning organic feeds to 
initiate the roasting, the large volumes of sulfur dioxide 
from the roasting and the large volumes of air needed to cool 
the reaction, the recoveiry of this valuable rhenium is 
difficult and expensive. 

In roasting of molybdenite, the molybdenum oxide 
being formed tends to coat the as yet unreacted molybdenite 
and form an insulating layer which inhibits further reaction. 
As the heat and oxygen necessary to reaction must pass 
through this layer, it is difficult to obtain a complete 
roasting of the molybdenite. 

Various processes in which metal compounds contained 
in ores are converted to other more readily recoverable 
compounds have been proposed. 

It is an object of the invention to provide a process 
for the economical recovery of metals from host materials 
such as low grade ore deposits. 

According to the invention, there is provided a 
process for the recovery of a metal from a ho'pt material 
wherein the metal is present in the form of a' first compound 
and the host material is less absorbent to microwaves than 
said first compound, characterized in that the process com- 
prises subjecting the host material and first compound to 
microwave energy under conditions in which the first com- 
pound can be converted to the metal or to a second compound 
which is more readily recoverable from the host material. 
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By the use of microwaves, one can selectively heat the 
metal values for example copper (whether oxidic or sulfidic) 



or sulfidic molybdenum or rhenium xd.thout the necessity of 
heating the whole rock mass, because the gangue is sub- 
stantially transparent to microwave radiation while the 
aforementioned metal values are very effective in absorb- 
ing the microwaves. 

Microwave energy is used in processes requiring heat 
to recover for example copper from its oxidic or sulfidic 
ore and to recover molybdenum and rhenium from their 
sulfidic ore. The microwave energy is used in processes 
known to the art in place of conventional heat sources 
thereby causing very rapid chemical reactions with sub- 
stantial energy savings. Because the microwaves heat 
and activate primarily the metal component of the ore 
and not the gangue, they are useful for treating lower 
grades of ore than could be ordinarily economically treated. 

The effects of microwaves on metal values contained 
with ores does not appear to be related in any predictable 
way to the chemical or physical properties of such metal 
values. For example, it has been found that copper in 
its oxide, sulfide or silicate forms is very susceptible 
to heating by microwaves of 915 megahertz or 2450 mega- 
hertz, whereas zinc oxide or sulfide does not respond, or 
responds only^ slightly . Likewise, it has been found that 
the sulfides of molybdenum and rhenium absorb microwaves. 
It has also been found that nickel, cobalt and manganese 
oxides absorb microwaves, but the oxides of iron and 
chromium, which are transition metals, do not absorb 
microwaves. 

Therefore the process can be applied to copper ores 
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in the form of sulfides such as chalcopyrite, bornite, 
chalcocite and covellite, or oxides such as cuprite or 
tenorite, the hydroxy carbonates such as malachite or 
azurite, or as the silicates such as chrysocolla.or to 
molybdenum ores containing molybdenum disulfide or molyb- 
denite • • 

In the treating of copper sulfide ores or concentrates, 
the ore or concentrate may be heated by microwaves in the 
presence of 03<ygen either as a pure gas or diluted as in 
air. The microwaves may be applied to heat the copper 
sulfides sufficiently in the presence of oxygen to convert 
them to sulfates (a "sulfation roast", well known in the 
art), or to heat the sulfides sufficiently to produce the 
oxide and sulfur dioxide. Heating to produce the sulfate 
is preferred as requiring less energy. 

The copper, now as a water soluble sulfate or acid 
soluble oxide, can be leached and recovered. As an example, 
it might be recovered from the water leach by solvejit 
extraction and then stripped with sulfuric acid, and 
electrowon. The use of organic solvents to extract copper 
and the electrowinning of the extracted copper is well known 
and practiced commercially. Heretofore, however, there was 
no practical means to convert the copper sulfides to 
soluble sulfates without expending an excessive amount of 
energy. It was necessary either to grind the ore to 
liberate the copper sulfides, float to a concentrate and 
then roast the ore, or use an excessive amount of heat to 
heat the whole ore, both desired mineral and gangue, to 
reaction temperature. 

In the conventional grinding and flotation of copper 
sulfide ores, a portion of the ore reports to slimes which 
can be finer than 10 microns and very difficult or impossible 
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to recover by flotation. These slimes can readily be 
separated by cyclones and other physical means, but the 
resulting sulfide concentrate is too low grade to be 
recovered conventionally. Because the microwaves used 
will selectively heat all the copper sulfides to a tem- 
perature where they will be converted by a flow of oxygen 
to sulfates or oxides which are water or acid soluble, the 
problem of fine grains of ore reporting to the slimes is 
eliminated and it becomes practical to recover the copper 
from such concentrates. 

An alternative to the oxidation of copper sulfide 
concentrates is the chlorination of sulfide and oxide ores. 
Frequently, large copper sulfide ore bodies are overlain 
by mixed copper oxide-copper sulfide ores in which the 
copper is difficult to recover. Such ores, when heated 
with a chlorine ion donor such as ferric chloride or cupric 
chloride to a sufficient temperature in the absence of 
air, can be converted to copper chlorides which are water 
soluble and from which the copper can be recovered by tech- 
niques which are well known. Heretofore the expense of 
heating the whole rock mass was considered too great for an 
economic recovery of the copper. These types of ores and 
such oxidic ores as malachite, azurite and chrysocolla 
lend themselves to recovery by blending the ore with a 
source of chloride ion such as chlorine gas, ferrous 
chloride or ferric chloride, cuprous chloride or cupric 
chloride, and drying. The dried copper mineral and 
chloride ion source are then irradiated with microwaves 
in the absence of air, and if ferrous or cuprous chloride 
is used, in the presence of chlorine. The microwaves heat 
the copper minerals to reaction temperature, forming water 
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soluble or brine soluble chlorides. 



The reactions may be illustrated as follows: 
3 CuO + 2FeClo > 3CuCl^ + Fe^O^ 




Where xnolybdenite and rhenium sulfide occur with a 
silicate gangue, the microwaves selectively heat the moly- 
bdenite and rhenium sulfide to a temperature where roasting 
with air or oxygen produces molybdenum and rhenium oxides 
and sulfur dioxide. Because the microwaves are selective 
for the sulfides, it is not necessary to heat the entire 
mineral mass to roasting temperature. 

The formed molybdenum and rheniim oxides are then 
conveniently recovered by leaching with ammonia or with 
caustic soda, and then treated by well known processes 
to precipitate molybdenum and rhenium compounds. Alter- 
natively, the molybdenite and rhenium sulfide can be 
chlorinated to molybdenum and rhenium chlorides which are 
volatile by selectively heating them in their ores in the 
presence of chlorine. Again, because only the molybdenite 
and rhenium are heated by the microwaves, the whole gangue 
mass does not have to be heated. The chlorination reaction 
has a preferred temperature of at least about 600^C. This 
is readily achieved with the microwaves. 

In roasting of a molybdenite concentrate the moly- 
bdenite can be brought to roasting temperature by the 
use of microwaves. This obviates the need for combustion 
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of fuel to supply heat and thereby permits a more closely 
controlled roast and one in which the total gases produced 
are less. Because the microwaves pass through the trans- 
parent molybdenum oxide as it is formed and heat the moly- 
bdenum sulfide, the fact that there are oxide coatings 
does not Inhibit the reaction and a more complete roasting 
can be accomplished in a shorter time. The thermal 
difference between the heated molybdenum sulfide and the 
unheated molybdenum oxide is sufficient to destroy the con- 
tinuity of the oxide coating. 

Inasmuch as the molybdenite and rhenium sulfide are 
heated internally by the microwaves, it is not necessary to 
grind ore so fine that the particles are liberated. It is 
sufficient that a surface be exposed so that the roasting 
conversion to molybdenum and rhenium oxides or the chlorina- 
tion reaction to molybdenum and rhenium chlorides can occur. 
The removal of the necessity for fine grinding can greatly 
decrease the overall energy required for the recovery of 
molybdenum and rhenium. 

Processes embodying the invention will now be particu- 
larly described by way of example. 

The process is applicable to the treatment of sulfides 
or oxidic (including oxides, hydrocarbonates and silicates) 
minerals of copper and to treatment of sulfitic minerals 
of molybdenum and rhenium in the presence of oxygen or 
chlorine , 

It is preferred that the ore or concentrate of copper 
be crushed so that it is readily handled in the microwave 
reacting unit. It is not necessary that the ore or con- 
centrate be finely ground. Generally, with respect to a 
copper ore, grinding to 1/2 inch or finer is satisfactory. 
It is preferred that the molybdenum and rhenium ores be 
ground to a size of 12 mesh or smaller so that the indi- 
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vidua 1 particles of molybdenite and rhenium sulfide have at 
least one surface exposed to the gases to be used for 
reaction. 

It is preferred that the ore. or concentrate be dried 
by conventional means prior to the microwave reaction. 
Water is an excellent absorber of microwaves and can 
readily be removed by microwave irradiation, but this is 
an expensive means of .removing water and if there are 
substantial amounts present, it may be preferable to remove 
it by conventional means. However, where only a little 
water is present or where there is insufficient water 
present to justify its separate removal, it can be removed 
in the course of the microwave irradiation. 

In a sulfation roast wher^ copper sulfides are con- 
verted to copper sulfates, it is preferred to irradiate 
with microwaves for a sufficient time to heat the sulfide 
minerals to temperatures of between 350°C and 700^C. At 
higher temperatures there is a tendency for copper iron 
oxide ferrites to form which are soluble only with diffi- 
culty. Air or oxygen can be used as the source of oxygen. 
Generally, irradiation times of less than 15 minutes will 
be sufficient to 3:aise the copper sulfide particles in the 
ore or concentrate to reaction temperatures, although the 
precise time of irradiation will depend upon the power of 
the microwave source and the precise nature of the gangue 
associated with the copper sulfide. The time must be 
sufficient to convert substantially all of the copper metal 
value to soluble compounds. 

Following irradiation of the copper sulfide, the ore 
or concentrate may be leached with water or with acidified 
water to dissolve any copper oxides as well as the copper 
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sulfate formed. The soluble copper may be recovered by 
solvent extraction and electrowinning. 

In a chlorination reaction it is preferred to treat 
the ore or concentrate with a ferrous chloride solution 
containing sufficient ferrous chloride so. that there will 
be at least a stoichiometric quantity of ferrous chloride 
which will convert to ferric chloride in the presence of 
chlorine gas and react with the copper minerals present. 
The ore or concentrate can then be dried. It is not 
necessary to dry completely nor to remove the water of 
hydration associated with the ferrous chloride. Alter- 
natively one may use cuprous chloride and chlorine gas, 
although ferrous chloride is preferred. Also, alternatively, 
one may use ferric chloride in^ place of the ferrous chloride 
and chlorine. If ferric chloride is used, it is preferred 
to blend the dry ferric chloride with the dry ore prior to 
irradiation. The ore and reagents are then reacted by 
being heated by the microwave radiation. It is preferred 
that temperatures of the copper mineral be at least 
300^C for all reactions except the sulfation roast. The 
mass of the gangue will of course not reach such temperatures. 
The time of irradiation will depend upon the power of the 
microwave source and the gangue minerals present, but in 
general will be shorter than 10 minutes. 

Microwave heating can be used to selectively heat the 
molybdenite and rhenium sulfide to reaction temperature 
in the presence of chlorine to produce molybdenum and 
rhenium chloride and elemental sulfur. The operative 
temperature for this reaction is at least 300°C and 600°C 
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is preferred. After chlorlnatlon , the inolybdenuiD and 
rhenium chlorides can be processed by known means such as 
hydrogen reduction to produce the metals^ or by reaction 
with water and ammonia or caustic to produce the oxides. 
The reaction time for either roasting or chlorination will 
depend upon the grade of the material being treated. Very 
low grade feeds will have a certain amount of heat loss to 
the surrounding gangue by conduction away from the heating 
molybdenum and rhenium sulfides. There will be a propor- 
tionately small heat loss from the exothermic oxidation 
and chlorination reactions. The. sulfides in very low 
grade materials will generally be converted in 15 minutes, 
and in high grade material in 3 to 5 minutes. Because 
of the high speed of reaction "in the microwave field, 
equipment size is minimal and great capital savings result. 

In the roasting of molybdenite, zones of microwave 
energy can be advantageously used to provide additional 
heat to the molybdenite, which is almost completely 
roasted, carrying the reaction to completion. It is 
possible to combine the useful effects of microwave heat- 
ing with conventional processes. 

The following examples illustrate the process and 
principles employed therein. 

Example 1 

The following materials were all irradiated with micro- 
wave radiation of 2450 megahertz. Samples weighing 25 
grams were irradiated for 6 minutes at power levels of 
300 watts. Water was used as a ballast to prevent excess 
heating of the microwave source because of the poor 
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absorption o£ some of the material. The temperature was 
measured as quickly as possible after irradiation. 

Material ?"Sggai^^!rr§dift!£n 

Sand 36 

Iron Oxide 34 

Sphalerite 34 

Zinc Oxide 38 

Cupric Oxide 195 

Chalcopyrite 324 

Bomite >600 

Chalcocite 124 

Chrysocolla 108 

Covellite 244 

It is seen from the above results that zinc sulfide 
and the oxides of zinc and iron are not appreciably 
heated, while the oxides, sulfides and silicates of copper 
are. It is also noted that sand, which is representative 
of the' host material for the copper minerals, is not 
appreciably heated. 

Example 2 

Twenty-five gram samples of the following materials 
were irradiated 6 minutes at 915 megahertz and a power 
level of 250 watts. Water was present as a ballast to 
prevent damage to the microwave source because of the 
poor adsorption of some of the materials. As soon as 
possible after irradiation the temperature of the material 
was measured showing the relative absorption of the 
microwave energy. 

Temperature after 
Material 6 minutes irradiation 

Sand 29 

Iron Oxide 28 

Sphalerite 34 

Zinc Oxide 29 

Lead Oxide 32 

Cupric Oxide 70 

Chalcopyrite 58 

Bomite 73 
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Chalcocite 42 
Chrysocolla 46 
Covellite 79 

The results show that the oxides » sulfides and 
silicates of copper are significantly tnore absorbent 
to microwaves than sand, the oxides of iron, zinc and 
lead and the sulfide ore of zinc. 

Example 3 

A mixed copper oxide-copper sulfide ore from the 
oxidized zone of the large porphyry copper ore body 
contained 1.6 percent copper. Fifty-three percent of the 
copper was present as copper oxides and 47 percent of the 
copper was present as copper sulfides. A 113.4 gram 
sample of this copper ore, crushed to minus 1/2 inch but 
not ground, was put in a container having a flow of oxygen 
and subjected to 600 watts of 2450 megahertz radiation for 
15 minutes. Sulfur dioxide was noted in the off -gases. 
The residue was leached with sulfuric acid and water at 
pH 1.0. Sixty- one percent of the copper was found to be 
soluble. 

Example 4 

A 120 gram sample of the ore of Example 3 was blended 
with 11 grams of concentrated sulfuric acid and 3 grams of 
iron as ferrous chloride. It was irradiated for 10 minutes 
with 600 watts of 2450 megahertz radiation under a chlorine 
atmosphere. After cooling, the reaction mass was leached 
with a brine solution. Eighty- six percent of the copper 
was soluble. 

Example 5 

A 94 gram sample of the ore of Example 3 was ground 
to minus 30 mesh and then was blended with 11 grams of 
concentrated sulfuric acid and 3 grams of iron as ferrous 
chloride, and dried. It was irradiated for 10 minutes 
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with 600 watts of 2450 laegahertz radiation. When cool, 
it was leached for 30 minutes with a^brine leach at pH 2.2, 
Ninety- six percent of the copper was soluble. 

Example 6 

Fifty grains of a mixed copper oxide-copper sulfide ore 
in which 85 percent of the copper is oxidic and the copper 
content is 0.77 percent was blended with 5.4 grams of the 
sulfuric acid and 3 grams of iron as ferrous chloride. The 
blend was dried and ground to minus 20 mesh. Under a 
chlorine atmosphere it was reacted for 3 minutes with 600 
watts 2450 megahertz radiation. It was then water leached 
for 1/2 hour at pH 1.9 and 90 percent of the copper was 
water soluble. 

Example" 7 

One-hundred grams of a phorphyry copper ore containing 
0.6 percent copper principally as chalcopyrite was ground 
to minus 12 mesh. Under a flow of oxygen it was irradiated 
at 600 watts with 2450 megahertz radiation for 20 minutes. 
It was then leached for 30 minutes with acidified water to 
pH 1.0 at room temperature. Forty-two percent of the 
copper was water soluble. 

Example 8 

One hundred grams of a phorphyry copper ore containing 
0.6 percent copper, principally a chalcopyrite, was ground 
to minus 12 mesh. One gram of iron was blended as ferrous 
chloride. The blend was dried and under a chlorine 
atmosphere was irradiated for 6 minutes at 600 watts of 
2450 megahertz radiation. The cooled solids were leached 
with a brine water solution for 30 minutes. Ninety-one 
percent of the copper was brine soluble. 

Example 9 

Twenty-five grams of a chalcopyrite copper concentrate 
containing 20 percent copper was blended with 5 grams of 
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iron as ferrous chloride and dried. A blend of inert gas 
and chlorine was used to chlorinate the chalcopyrite during 
the microwave irradiation. To prevent excessive tempera- 
tures, the irradiation was on for one minute and off for 
three minutes. The irradiation was on for nine minutes 
at 300 watts and finally two minutes at 600 watts over a 
time span of 40 minutes. The cooled reaction mass was 
leached with water with a little peroxide to oxide cuprous 
to cupric chloride. Nintey-six percent of the copper was 
dissolved. 

Example 10 

The following materials were all irradiated with micro- 
wave radiation of the indicated wavelength and at power 
levels of 600 watts for the 24'50 megahertz radiation. Water 
was used as a ballast to prevent over-heating of the micro- 
wave generator where the adsorption of radiation was slight. 
The radiation was continued for 6 minutes and then the 
temperature of the substance was measured as quickly as 
possible to determine the^ relative absorbence of the micro- 
wave energy. 

300 watts 
2450 megahertz 



Substance Temp 



Sand 36 

Iron Oxide 34 

Zinc Sulfide 34 

Molybdenite 212 

Rhenium Sulfide 162 

Molybdenum Oxide 33 



It is seen from the above results that molybdenum and 
rhenium sulfides strongly absorb microwaves, while sand, 
iron and molybdenum oxides and zinc sulfide do not appre- 
ciably absorb microwaves. 
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Example 11 . 

The following materials were all irradiated with 

microwaves of 915 megahertz and at a power level of about 

280 watts for 6 minutes. Water was used as a ballast to 

prevent the overheating of the generator. 

Material Temperature Increase 

Sand 11 

Iron Oxide 10 

Zinc Sulfide 14 

Molybdenite 25 

Rhenium Sulfide 28 

Molybdenum Oxide 11 

As may be noted, molybdenum and rhenium sulfides 
are better absorbers of the radiation than the other 
materials tested. 

Example 12 

A molybdenite mine rock waste which was too low grade 
for recovery of molybdenum by conventional practice, assay- 
ing 0.054 percent molybdenum, was ground to minus 14 mesh. 
The minus 48 mesh fraction was 24.1 percent of the weight, 
assayed 0.094 percent molybdenum, and represented 40 percent 
of the molybdenum in the head sample. Fifty grams of this 
minus 48 mesh material was blended with 0.5 grams of iron 
as ferrous chloride and one gram of pottassium chloride. 
The sample was dried. It was irradiated for six and one- 
half minutes with 600 watts of 2450 megahertz radiation 
in a chlorine atmosphere. Fifty-five percent of the 
molybdenum was found to be soluble in dilute acid, leaving 
a tailing assaying only 0.041 molybdenum. 

Example 13 

A flotation reject which assayed 6 percent molybdenum 
was subjected to a flow of oxygen and 2450 megahertz 
radiation for 15 minutes. The mass was allowed to cool and 
was leached with caustic at pH 13. Sixty-five percent 
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o£ the iDolybdenuiD was found to have been roasted and to be 
soluble* 

Example 14 

One hundred grains of a commercial molybdenite con- 
centrate assaying 53 percent molybdenum was de-oiled by 
irradiating with 600 watts of 2450 megahertz radiation 
for 5 minutes. It was then subjected to a flow of oxygen 
and irradiated -for 14 minutes to initiate the roasting 
reaction. Subsequently, the irradiation was periodically 
imposed in short pulses to return the unreacted molybdenite 
to reaction temperature as it cooled. The irradiation was 
on for 32 minutes over a two and one-half hour period. 
At the end of the roast 91 percent of the molybdenum was 
soluble in caustic. 



Five grams of a commercial molybdenite concentrate 
containing 53 percent molybdenum was irradiated at 300 
watts and 2450 megahertz for 35 minutes in a flow of 
chlorine. The molybdenite was chlorinated. At the end 
of the reaction the small residue was leached with caustic 
to remove soluble molybdenum which had not been volatilized. 
The yield of volatile and soluble molybdenum was 92 percent. 



Five grams of a molybdenite concentrate rich in 
rhenium was irradiated in a flow of chlorine with 300 watts 
of 2450 megahertz radiation for 45 minutes. A caustic 
solution was used to scrub the gases leaving the reactor, 
and the residue was leached with caustic to pH 13. 
Molybdenum recovered in soluble form was 61 percent of the 
total molybdenum. Rhenium extraction was 99 percent of 
the total rhenium. 



Example 15 



Example 16 
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Erom the above examples, it is seen that the above 
described process is effective for the recovery of copper, 
molybdenum and rhenium from their ores, including ores too 
poor for the recovery of metals by conventional processes. 

While the recovery of copper, molybdenum and rhenium 
from their ores have been particularly described, the 
process in accordance with the invention is by no means 
limited to these uses. It has been found that the 
process is equally effective for the recovery of nickel, 
cobalt, and manganese from their oxides and silicates 
wherein the source of heat is microwave energy and it is 
used alone to produce the metal or in conjunction with a 
reducing agent, such as, hydrogen gas or a chlorinating 
agent, ssuch as, ferric chloride which serves as a chlorine 
donar. The reduced metals are recovered by conventional 
processes and metal values are recovered from the formed 
soluble chlorides by conventional processes. 

In contrast, it has been found that the above des- 
cribed process is not operable for many ores in their host 
materials. For example, it has been found, as illustrated 
herein, that sphalerite and the oxide ores of zinc and iron 
are not appreciably heated over their host materials so that 
the process cannot be used to recover these metal values 
from these compounds in their host minerals. These examples 
are only illustrative of many combinations of host materials 
and ores upon which the process is probably not operative. 
It can however, as a generality, be said that the process 
is operable on any host material-ore combination in which 
the ore or compound containing the metal value is 
selectively heated over the host material by the microwave 
energy. 
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The process can be used for the recovery of metals 
from mixtures of compounds' of different metals in mineral 
gangues or host materials which are less absorbent to 
microwaves than the compounds* 

The absorption of microwave energy by a given material 
is a complex function which varies with frequency, and 
therefore response will vary over a range of frequencies 
and with different materials. Lower frequencies are 
preferred. Microwaves of different frequencies may be 
used at the same time, or on the same batch. Energy 
should be applied for a sufficient time to convert sub- 
stantially all of the metal compound in the ore to the 
required compound in the interest of efficiency. 
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CLAIMS 



1. A process for the recovery of a metal from a host 
material wherein the metal is present in the form of a 
first compound and the host material is less absorbent 
to microwaves than said first compound, characterised in 
that the process comprises subjecting the host material 
and first compound to microwave energy under conditions 
in which the first compound can be converted to the metal 
or to a second compound which is more readily recoverable 
from the host material. 

2. A process according to' claim 1, wherein the metal is 
copper, molybdenum or rhenium and the host material is a 
copper oxide ore, including a hydroxy carbonate or 
silicate form, or copper sulfide ore, molybdenum sulfide 
ore or rhenixm sulfide ore respectively. 

3. A process according to claim 2, wherein the ore is 
molybdenite, molybdenum disulfide, chalcopyrite, bomite, 
chalcocite, covellite, malachite, azurite, chrysocolla, 
cuprite or tenorite, 

4. A process according to any one of the preceding 
claims wherein the first compound is a sulfide and is 
heated with microwaves to a temperature of at least 
about 300°C* 

5. A process according to claim 4, wherein the sulfide 
is heated in the presence of oxygen to convert it to a 
sulfate or an oxide. 



0041841 



- 20 - 



6. A process according to claim 5, wherein the sulfide 
is copper sulfide and it is heated with microwaves to a 
temperature of from about 350°C to 700^C to conver it to 
copper sulfate. 

7. A process according to any one of claims 1 to 4, 
wherein the host material and first compound are subjected 
to microwaves in the presence of a source of chlorine to 
convert the first compound to a chloride. 

8. A process according to claim 7, wherein the first 
compoimd is rhenium sulfide or molybdemm sulfide and is 
heated with microwaves to a temperature of at least 
about 600^C. 

9. A process according to cladLm 7, wherein the first 
compound is copper sulfide or copper oxide and is heated 
with microwaves to a temperature of at least about 300°C. 

10. A process according to any one of claims 7 to 9 , 
wherein the source of chlorine is chlorine gas, ferrous 
chloride, ferric chloride, cuprous chloride, cupric 
chloride or mixtures thereof. 

11. A process according to claim 10, wherein ferrous 
chloride is added to the ore and the chlorination reaction 
is initiated by the addition of chlorine gas to promote 
the formation of ferric chloride. 
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